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ABSTRACT 

In a SU(6) grand unification model with eight quarks 

and eight leptons belonging to 1%plet and singlet re- 

presentations, the symmetry is spontaneously broken by the 

sequence, SU(6) * SU(3)' x SU(2) X U(1) x U(1) - SU(3)' X U(1). 

For two cases of symmetry breakings the effective weak neutral 

current coupling constants are compared with experiment. For 

the SU(3)' x SU(2) x U(1) x U(1) i SLJ(3)' x U(1) symmetry 

breaking, the coupling constants reproduce the Weinberg- 

Salam model with a small correction term. Agreement with 

the experimental mean values are improved with the correction 

term. Parity-violation in atomic physics is also discussed. 
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The standard SU(2) x U(1) gauge theory 1 of weak and 

electromagnetic interactions has been successful in pre- 

dicting the existence of the charmed quark2 in connection 

with GIM mechanism. 3 With the observation 4 of the predicted 

weak neutral current, the confidence in the extended 

SU(2) x U(1) model with four quarks and leptons was further 

raised. The recently observed Upsilon (9.4 GeV)5 which is 

interpreted as a bound state of b and 5 quarks, and the 

heavy lepton t(1.9 GeV)6 necessitate the further extension 

of the model. The SU(3) x U(1) models seem to be ruled out 

by the analysis7 of the weak neutral current coupling constants 

which favorably supports the Weinberg-Salam(W-S) model.' The 

W-S model still has one unresolved problem with its predicted 

parity-violation in atomic physics. The experiments in this 

area is still uncertain that any conclusive settlement has 

to wait further experimental result. 

Under these circumstances, it would be meaningful to 

unify further with strong interaction in terms of the quantum 

chromodynamics* (&CD) with the exact color SU(3)' symmetry 

and an octet of colored neutral massless gluons such that 

the W-S model is embedded in it. There are attempts to 

enlarge the symmetry group G such that G contains 

su(3)c x SU(2) x U(1) x . . . . In the grand unification 

models such as SU(5)"l' and SU(6)11'12 models, the symmetry 

group imposes mass relations among the leptons and quarks 
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after the symmetry is broken spontaneously by Riggs mechanism. 

The resulting mass relations among fermions and the mixings 

of their states provide additional constraints on the models. 

SU(5) model gives mass relations' like me=m~ and m =m 
v lJ S’ 

etc. after the spontaneous breaking of the symmetry down to 

su(3)cx U(1). If the electromagnetic and gluon radiative 

corrections are included, this may further split the fermion 

masses.13 There are no other useful mass relations in SU(5) 

model and no explanation of Cabibbo angle in this model. 

As for SU(6) model discussed in Ref. 12, we have mass 

relations such as m(di') + m(si') + m(bi') + m(hi') = m(e-') 

+ m(F') + m(E-') + m(M-') and m(di')/m(bi') = m(sif)/m(hi') 

= /b/a/and it predicts the masses of bi' and hi' quarks 

respectively m(bi') = 3.1 % 4.8 GeV and m(hi') = 4.1 % 6.2 

GeV, where the primes indicate the diagonalized states and 

the color indices i = 1,2,3. This prediction was possible 

after generating Cabibbo angle by the diagonalization of 

mass matrix. 

In this paper, we consider a hierarchy of symmetry 

breakings in the sequence, SU(6) + SU(3)' x SU(2) x U(1) x 

U(1) + su(3)c x U(l), and obtain the effective weak neutral 

current coupling constants for SU(6) + SU(3)' x U(1) and 

su(3)c x SU(2) x U(1) x U(l)-+ SU(3)' x U(1) breakings. 

Comparing them with the experimental results in the second 

case, the relative mass ratios of the neutral vector bosons 

Z and Y to W are obtained at the level of SU(3)' x 

U(l). The neutral current coupling constants in the second 
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case of symmetry breaking are exactly the ones obtained by 

the W-S model in the limir: of miZ)/m(Y) * large. The 

correction terms to the coupling COnStantS are related to 

this mass ratio. 

We consider the following two left-handed (right- 

handed) antisymmetric 15-plets and tW0 left-handed (right- 

handed) singlets of fermions. 
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L3 = (Gel, 

L4 = (G& 

The SU(6) invariant Lagrangian is 
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R3 = CEO), 

R4 = (UO), 

1 = *i g6 c 
i 

Tr(CiyaLi + aiQXR)V !J , 
a 

where ^1 = 1,"',35. 

The charge operator ? is 

2 = I3 + 5 + Y = &(A3 + i X8 
a- 

+ a X0) , 
VT 

where 

0 10 0 
A,= ! --“f ,--- 

0 [ -I 
I 0 _ 

This is due to the charge structure of fermions which is 

shown in Table 1. The 6x6 matrix representation of the 35 

vector bosons Vjl where i,j = l,"', 6, has the following 

diagonal elements, 

v; = “; = vi = _ 2 v. 
d-3 

4 
v4 =v3+1vg+iv 

VT /To 

(2) 

(3) 

(continued) 
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v; = -v3 t 1 vs + -L v. 
i2- VT 

v; = - 2 V8 + 2 v. (4) 

With the 35-plet Higgs particles whose vacuum expectation 

values (VEV) are 
I 

.L I ' 
<+ika35 I--‘+7--j 

‘J -- 

0 
1-I 

-I 
] -I 

the gluons are kept massless while the lepto-quark (or super- 

heavy) vector bosons which have color as well as flavor acquire 

masses as given in Ref. 12. This breaks SU(6) down to 

SU(3jC x W(3) x U(1) separating &CD and weak interaction. 

The second 35-plet Higgs particles with the VEV of 

c+= 
0 I 

0 ’ 0 
---“I,1 

0 IOda 
!Obd 

L 

, where c +2d=O 

boosts some of the weak vector hoi u sons massive while keeping 

the photon massless. A 15-plet Higgs bosons with the VeV of 



-7- FERMILAB-Pub-78/63-THY 

and a singlet Higgs boson c$~> = al make !A0 massive while 

keeping se and G,, massless. This further breaks the symmetry 
w 

down to SU(3)' Y SU(2) x U(1) x U(1) and in turn to SU(3)' 

x U(1). The resulting masses are given in Ref. 12, except 

that here we have (ui,ci,ti,gi) mixing all among themselves, 

rather than the separate (ui,ci) and (ti,gi) mixings. In 

particular, the states of the weak neutral vector bosons 

are 

A=- 2 NTV, c + Vs) + v. I 
z= $( i3- V3 + V*) - v. 

i 

Y = ?f(V, - Js Vs) (5) 

We consider now the neutral current coupling constants 

in the case of symmetry breaking, SU(6) + SU(3)' x U(1). For 

this symmetry breaking, the effective weak neutral coupling 

constants are given in view of Eqs. (2) and (5), 

L neutral = 2 ;,yu(l+y5)Ve 
JT 

c Uyu(l+y5)u 
uL 

+c 
dL 

a yp(1+y5)d + Cu 
R 

ii Yu,(l-Y5)U 

+c 
dR 

Tt yP(l-y5)d + "' 
I 

, (6) 

where 

-=-KY G 
YT 8m2(w) 

C =c + 
uL cL 

(cont.) 
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1 CdL = CSL = - “; A 

C 
% 

=c =-$A 

% 

‘A > 
cdR = cs* = - E 

(71 

where A 5(&j , and there is no simple relation between 

12 m(w) and m(2) in this case Note that Y doesn't con- 

tribute here. By comparing with experimental values given 

in Table 2 we see that the coupling constants for uR and dR 

are not as good as the ones for uL and dL for the value of 

A = 1. The symmetry breaking of SU(6) + SU(3)' x U(1) gives 

poor values for right-handed couplings. The neutral current 

couplings of electron in this case is such that ze is pure 

vector, and iiu and ad are pure axial vectors as far as 

their couplings through 2 are concerned. However through 

Y , Ge and dd are pure axial vectors with vanishing uu 

Overall, parity-violation in atomic physics is suppressed in 

this case of symmetry breaking. 

At the level of SLJ(3)' x SU(2) x U(1) x U(1) symmetry, 

the 15-plet fermion states are broken down to SU(2) doublets 

and singlets, as follows: 



L 

b. 
iL 

ii. 
iL 

d. 
'R 
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gi ( 1 hi _ 

h. 
iL 

c. 
lL 

S. 

iR 

ii 
iR 

JR (S), ie:h 
(8) 

Their quantum numbers are shown in Table 1. The SU(2) 

xU(l) x U(1) invariant weak interaction is given by 

Lw = + t&h,@ + g"$Y~pc~ 1 I (9) 

where 9 is the SU(2) doublets or singlets given in (8). It 

is noted here that (di,si,bi,hi) as well as leptons are al- 

ready mixed at this stage as shown in Ref. 12. Thus heavy 

quarks such as bi decays to light quarks via these mixed 

states. Due to the undetermined mixing angles, there is 

not much we can say at this moment. If we regard E' + as T 

heavy lepton, this model may have predominantly right-handed 

coupling even after mixing, which may be a problem. One way 

to modify is to add another 15-plet which contains r + and ',J T 
in the right-handed state. 



-lO- FERMILAB-Pub-78/63-THY 

We now introduce Higgs mechanism by a SU(2) doublet 

and a singler, 

13 Y y 2 

i 

0 4 

1 

+ + +1 

qll> = AL4 1 1 7j Tj 0 

<+2> = (X2)0 g-4 0 (10) 

The neutral vector bosons are mixed as 

A3 = (2 cos $ - A sin I$) 

B = 
C 
(2 sin @ + A cos @) cos a - Y sin CI 

I 

C = 
C 
(2 sin 4 + A cos $) sin a + Y cos CL 1 . (11) 

The charge structure of fermions imposes that 

e = -g sin Q = g’cos $ cos a = g”cos $ sin a, (1.2) 

and the diagonalization of mass matrix for the neutral 

vector bosons Z and Y demands 

2 cos u'l 
3 (13) 

The masses of the vector bosons are acquired by 

L# = j(ap - i 5 ;*lV - i$ y Bu - i g 2Y C )@Ii2 u 

+((a !J -i$yB -i u (14) 
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and 

m(W) = r Xlg 
JT 

m(Z) = .mo 
cos I$ 

m(Y) = f g X2a , (15) 

where 
'2 az(g +g "2)3 

cos @ = -y 

b 3 (a2g2 + g’2g”2)* . (16) 

The effective weak neutral coupling constants of quarks 

through Z and Y bosons given in Eq. (6) are obtained by 

eqs. (9) and (11). 

(17) 

These results reproduce the ones for the W-S model in the 

2: small. 

With the inputs of 

sin2 4 = 0.22 

= 0.435 (18) 
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the neutral current coupling constants are compared with 

experiment in Table 2. Our results are as good as W-S 

model or closer to the mean values. The correction term 

in Eq. (17) due to Y contribution is small. By (15) and 

(18)s we obtain 

m(Z) = 1.13 m(W) 

m(Y) = 1.98 m(W) (19) 

The neutral current coupling of electron through 2 

and Y is given by 

L, = ti i) g cos I$ /C 
-(1-2sin2$)~~,(l+~5)e + (2sin2$)~yU(1-y5)e 

c 
+ ‘.- I z 

c 
C 

2 a2 -- - 
3b 

Z yp(1+y5)e + .'. . (20) 

If we neglect the small Y contribution, the parity violation 

(PV) in atomic physics is the same as W-S model. 

Thus, in the case of the symmetry breaking 

SU(6) + W(3)’ x U(l), the effective weak coupling con- 

stants are not in good agreement with experiment, But 

for the symmetry breaking SU(3)' x SU(2) x U(1) x U(1) + 

su(3)c x U(l), the agreement is closer to the experimental 

mean values than W-S model. 
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TABLE 1 

The charge structures of fermions. 

Y -f !! 

1 2 
3 o 3 

1 1 
3 o-2 

2 _ - 3 0 l -- 
3 

* -- : -- 2 
3 

1 2 _- 
3 3 l 

1 2 
_ - 3 3 O 

2 2 
2 3 l 

0 0 0 

- 

SU(3) colorxSU~3~flavor 
Content 

(393) 

(3,l) 

(1,5) 

(131) 
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TABLE 2 

Comparison of weak neutral current coupling constants 

in the case of the symmetry breaking SU(3)cxSLJ(2)XLJ(l)XU(l) 

+ su(3)c~u(l). 

The present model W-S Model Experiment' 
(Eq. (16)) 

C = c 0.377 0.353 0.33 * 
uL cL 

0.07 

C 
dL 

=c 
sL 

-0.403 -0.427 -0.40 t 0.07 

C = C f 
uR CR 

-0.195 -0.147 -0.18 0.06 

C dR =c f 'R 0.025 0.073 0 0.11 
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